EXECUTIVE SUMMARY
The Mixed Oxide Fuel Fabrication Facility (MFFF) will use Colemanite bearing concrete neutron absorber panels credited with attenuating neutron flux in the criticality design analyses and shielding operators from radiation. The Savannah River National Laboratory is tasked with measuring the total density, partial hydrogen density, and partial boron density of the colemanite concrete.
Samples 8. 1.2, 8.2.2, 8.3.2, and 8.4 .2 were received on 8/1/2012 and analyzed after curing for 28 days. The average total density measured by the ASTM method C 642 was 2.09 g/cm 3 , within the lower bound of 1.88 g/cm 3 . The average partial hydrogen density was 7.48E-02 g/cm 3 as measured using method ASTM E 1311 and met the lower bound of 6.04E-02 g/cm 3 . The average measured partial boron density was 1.71E-01 g/cm 3 which met the lower bound of 1.65E-01 g/cm 3 measured by the ASTM C 1301 method. 
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Introduction
The Mixed Oxide Fuel Fabrication Facility (MFFF) will use Colemanite bearing concrete neutron absorber panels credited with attenuating neutron flux in the criticality design analyses and shielding the operator from radiation 1 . Table 1 is an excerpt from The Savannah River National Laboratory is tasked with measuring the properties of the colemanite concrete identified in Table 1 2 . 
Experimental Results
Total Density
The total density of the sample was determined by the ASTM method for density in hardened concrete 4 . Subsamples of each of the cubes were crushed for the density determination.
The ASTM method was followed with the exception of sample size. Section 4.1 of the ASTM procedure specifies a sample size of approximately 800 grams. As each subsample weighed between 133 to 138 grams, a reduced sample size was used. Duplicate subsamples of each cube were analyzed. Mass measurements were taken after each treatment with the masses being designated A through D, where; A = mass of oven-dried sample in air between 100 to 110°C, g B = mass of surface-dry sample in air after immersion, g C = mass of surface-dry sample in air after immersion and boiling, g D = apparent mass of sample in water after immersion and boiling, g, Table 2 . Using the calculations in the ASTM method, the following properties were calculated:
Absorption after immersion, % = × 100,
Absorption after immersion and boiling, % = × 100,
Bulk density, dry = × ,
Bulk density after immersion = × ,
Bulk density after immersion and boiling = × ,
Apparent density = × ,
Volume of permeable pore space = × 100
The density used in these calculations is that of water, (~1 g/cm 3 ). The results of the calculations performed with Equations 1-7 are tabulated and averaged in Table 3 . Equations (4) and (5) are the most appropriate to represent the density of the Colemanite concrete as the concrete is saturated with water during placement. The average density of the colemanite concrete measured using ASTM C 642 equation (4) 
Hydrogen Partial Density
The hydrogen partial density in the colemanite concrete was determined using the ASTM method for determining volatile content using thermogravimetric analysis 5 . ASTM E 1131-08 defines highly volatile matter as components that will volatilize below 200°C and medium volatile matter as components that will degrade or volatilize in the range of 200 -750 °C. In an evaluation of the thermal decomposition of colemanite, Waclawska et al. determined that the release of water from colemanite was complete at 600 °C and that melting and crystallization of a calcium borate phase occurred above 650 °C 6 . A Netzsch STA 409 Luxx, which couples Differential Scanning Calorimetry (DSC) with Thermal Gravimetric Analysis (TGA), was used for TGA of the colemanite concrete samples. After loading the sample, the chamber was purged with nitrogen at 60 ml/min prior to heating. Triplicate samples from 8. 1.2, 8.2.2, 8.3.2, and 8.4 .2 were heated at 5 °C/min up to 650 °C in a flowing nitrogen atmosphere of 60 ml/min, Figure 1 . The initial mass loss is associated with the free water from the mix. The second mass loss beginning below 400 °C is due to the thermal decomposition of the colemanite. Table 4 is the mass change for the four samples. Attributing the weight loss in Table 4 to water results in an average of 31.97 wt% water, and using a measured colemanite concrete density from Table 3 , the average partial hydrogen density is calculated to be 7.48E-02 g/cm 3 . For example, the hydrogen density of sample 8.1.1 in Reference 3 is calculated using the equations:
= 2.016 , 
2.3 Boron Partial Density Subsamples of 8. 1.2, 8.2.2, 8.3.2, and 8.4 .2 cubes were crushed, dried in an oven to remove moisture, and digested in triplicate using the ASTM method for trace metals analysis in limestone 7 . Three aliquots of sample were weighed in separate beakers and then 10 ml of HCl and 4 ml of HNO 3 were added. The acid mixture was heated at 85°C for 60 minutes on a hotplate, with the sample covered with a watch glass. After heating was complete, the sample cooled for an additional 60 minutes to ensure complete boron dissolution. The sample was then diluted up to a final volume of 100 ml with deionized water. The samples were analyzed on the Agilent 730 Inductively Coupled Plasma-Optical Emission Spectrometer (ICP-OES). Boron was calibrated using a High Purity NIST traceable standard (Lot 1204016), Appendix A: Boron Certificate of Analysis. An internal standard (Yttrium) was used to compensate for matrix effects. The dissolution method prescribed in the ASTM method resulted in complete dissolution of the samples. Table 5 is the analytical results of the dissolution of colemanite concrete using the prescribed ASTM method. Using the calculated colemanite concrete density of 2.09 g/cm 3 , the average partial boron density is calculated to be 1.71E-01 g/cm 3 . For example, the boron density of sample 8.1.1 in Reference 3 is calculated using the equations: 
Conclusions
The lower limits and measured values for the total density, hydrogen partial density, and boron partial density are presented in Table 6 . The total density, the hydrogen partial density, and the boron partial density exceeded the lower bounds specified in Reference 1. 
